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(7) ABSTRACT

There are disposed four antenna elements which are
arranged circumferentially at regular intervals, and four
90-degree hybrids each having four terminals, two 90-de-
gree hybrids which are arranged in parallel are connected in
two stages, only one of the output terminals of an upstream
90-degree hybrid and only one of the input terminal of a
downstream 90-degree hybrid cross each other and are
connected to each other, and the four output terminals of the
two downstream 90-degree hybrids and the four antenna
elements are connected to each other; the passing phase
between the terminals that cross each other within the
respective 90-degree hybrids is set to 0 degree, and the
passing phase between the terminals that are in parallel
within the respective 90-degree hybrids is set to 90 degrees.
As a result, the structure of the feed circuit can be simplified,
and plural kinds of beams can be formed.
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ANTENNA DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an antenna device
having a feed circuit that composes a plurality of beams in
an array antenna which is arranged circumferentially.

BACKGROUND ART

[0002] A conventional antenna device will be described
with reference to the accompanying drawings. FIG. 9 is a
diagram showing the structure of a conventional antenna
device which is disclosed, for example, in Japanese Patent
Laid-Open No. 61-169002.

[0003] Referring to FIG. 9, reference symbol 2 denotes an
entire feed circuit; EO, E1, E2, E3 and E4 are antenna
elements; H2 is a 180-degree hybrid; Dm is a reflection free
termination; Ac is an amplitude adjuster; Pc is a phase
compensating circuit; H1 is a 90-degree hybrid; Pb is a
four-division divider; and F1, F2, F3 and F4 are feed
terminals.

[0004] Then, the operation of the conventional antenna
device will be described with reference to the accompanying
drawings.

[0005] When an electricity is fed to the feed terminal F1
by the hybrids H1, H2, the phase compensating circuit Pc
and the amplitude adjuster Ac, the excitation amplitude
phases of ja, exp(jp(w), —exp(jip(w)), j(1-a/2)A(w), and
j(1-a/2)A(w) are fed to the five antenna elements EOQ, E1,
E2, E3 and E4, respectively.

[0006] Similarly, when an electricity is fed to the feed
terminal F2, the excitation amplitude phases of ja, j(1-a/
2)A(w), j(1-a/2)A(w), exp(jp(w)), and —exp(jp(w)) are fed
to the five antenna eclements EO0, E1, E2, E3 and E4,
respectively.

[0007] Similarly, when an electricity is fed to the feed
terminal F3, the excitation amplitude phases of ja, —ex-
p(p(w)), exp(ip(w)), j(1-a/2)A(w), and j(1-a/2)A(w) are fed
to the five antenna eclements EO0, E1, E2, E3 and E4,
respectively.

[0008] Similarly, when an electricity is fed to the feed
terminal F4, the excitation amplitude phases of ja, j(1-a/
2)A(w), j(1-a/2)A(w), —exp(jp(w)), and exp(jp(w)) are fed
to the five antenna eclements EO0, E1, E2, E3 and E4,
respectively.

[0009] With the above operation, the feed points of the
feed terminals F1, F2, F3 and F4 are changed over, to
thereby change over the beams of four kinds so as to conduct
the transmit/receive of the signal.

[0010] In the above-mentioned conventional antenna
device, in order that the four antenna elements E1 to E4
which are arranged circumferentially and the antenna ele-
ment EQ of one element which exists in the center thereof are
excited to form the four kinds of beams, the twelve 90-de-
gree hybrid circuits H1, the four 180-degree hybrid circuits
H2, the four amplitude adjusters Ac, the four phase com-
pensating circuits Pc and the four-division divider circuits
Pb must be connected in multiple stages.

[0011] For example, even in the case where the array
structure is made up of only four elements which are
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arranged circumferentially except for the one element which
is disposed in the center of a circle, the four-division divider
circuit Pb is merely removed. Therefore, there arise such
problems that hardware becomes complicated, a connection
loss becomes large and a signal to noise ratio (hereinafter
referred to as “SN ratio”) is deteriorated.

[0012] The present invention has been made in order to
solve the above-mentioned problems, and therefore an
object of the present invention is to obtain an array antenna
device which is capable of forming plural kinds of beams by
a simple feed circuit structure in an array antenna which has
four antenna elements which are arranged circumferentially
and have a diameter which is uneven times of the half
wavelength as a unit.

DISCLOSURE OF THE INVENTION

[0013] An antenna device according to claim 1 of the
invention includes: first, second, third and fourth antenna
elements which are arranged circumferentially at regular
intervals; a first 90-degree hybrid having first, second, third
and fourth terminals; a second 90-degree hybrid having fifth,
sixth, seventh and eighth terminals; a third 90-degree hybrid
having ninth, tenth, eleventh and twelfth terminals, and a
fourth 90-degree hybrid having thirteenth, fourteenth, fif-
teenth and sixteenth terminals, in which: the third terminal
of the first 90-degree hybrid and the ninth terminal of the
third 90-degree hybrid are connected to each other; the
fourth terminal of the first 90-degree hybrid and the thir-
teenth terminal of the fourth 90-degree hybrid are connected
to each other; the seventh terminal of the second 90-degree
hybrid and the tenth terminal of the third 90-degree hybrid
are connected to each other; the eighth terminal of the
second 90-degree hybrid and the fourteenth terminal of the
fourth 90-degree hybrid are connected to each other; the
eleventh terminal of the third 90-degree hybrid and the first
antenna element are connected to each other; the twelfth
terminal of the third 90-degree hybrid and the second
antenna element are connected to each other; the fifteenth
terminal of the fourth 90-degree hybrid and the third antenna
element are connected to each other; the sixteenth terminal
of the fourth 90-degree hybrid and the fourth antenna
element are connected to each other; the passing phases of
from the first terminal of the first 90-degree hybrid to the
fourth terminal, from the second terminal to the third ter-
minal, from the fifth terminal of the second 90-degree hybrid
to the eighth terminal, from the sixth terminal to the seventh
terminal, from the ninth terminal of the third 90-degree
hybrid to the twelfth terminal, from the tenth terminal to the
eleventh terminal, from the thirteenth terminal of the fourth
90-degree hybrid to the sixteenth terminal, and from the
fourteenth terminal to the fifteenth terminal are set to O
degree; and the passing phases of from the first terminal of
the first 90-degree hybrid to the third terminal, from the
second terminal to the fourth terminal, from the fifth termi-
nal of the second 90-degree hybrid to the seventh terminal,
from the sixth terminal to the eighth terminal, from the ninth
terminal of the third 90-degree hybrid to the eleventh
terminal, from the tenth terminal to the twelfth terminal,
from the thirteenth terminal of the fourth 90-degree hybrid
to the fifteenth terminal, and from the fourteenth terminal to
the sixteenth terminal are set to 180 degrees.

[0014] An antenna device according to claim 2 of the
invention includes: first, second, third and fourth antenna
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elements which are arranged circumferentially at regular
intervals; a first 180-degree hybrid having first, second, third
and fourth terminals; a second 180-degree hybrid having
fifth, sixth, seventh and eighth terminals; and a third 180-
degree hybrid having ninth, tenth, eleventh and twelfth
terminals, in which: the third terminal of the first 180-degree
hybrid and the fifth terminal of the second 180-degree
hybrid are connected to each other; the fourth terminal of the
first 180-degree hybrid and the ninth terminal of the third
180-degree hybrid are connected to each other; the seventh
terminal of the second 180-degree hybrid and the first
antenna element are connected to each other; the eighth
terminal of the second 180-degree hybrid and the second
antenna element are connected to each other; the eleventh
terminal of the third 180-degree hybrid and the third antenna
element are connected to each other; the twelfth terminal of
the third 180-degree hybrid and the fourth antenna element
are connected to each other the passing phases of from the
first terminal of the first 180-degree hybrid to the fourth
terminal, from the second terminal to the third terminal,
from the fifth terminal of the second 180-degree hybrid to
the eighth terminal, from the sixth terminal to the seventh
terminal, from the ninth terminal of the third 180-degree
hybrid to the twelfth terminal, and from the tenth terminal to
the eleventh terminal are set to O degree; and the passing
phases of from the first terminal of the first 180-degree
hybrid to the third terminal, from the second terminal to the
fourth terminal, from the fifth terminal of the second 180-
degree hybrid to the seventh terminal, from the sixth termi-
nal to the eighth terminal, from the ninth terminal of the third
180-degree hybrid to the eleventh terminal, and from the
tenth terminal to the twelfth terminal are set to 180 degrees.

[0015] An antenna device according to claim 3 of the
invention further includes in the above-mentioned antenna
device according to claim 1, a signal processing unit that
composes beams by multiplying a complex excitation ampli-
tude whose amplitude is in proportion to the amplitudes of
the signals which are received at the first and second
terminals of the first 90-degree hybrid and the fifth and sixth
terminals of the second 90-degree hybrid, and whose phase
is the inversion of the signs of the phases of the signals of
the first and second terminals of the first 90-degree hybrid
and the fifth and sixth terminals of the second 90-degree
hybrid.

[0016] An antenna device according to claim 4 of the
invention further includes in the above-mentioned antenna
device according to claim 1, a signal processing unit that
directs a main beam in an arrival direction of a desired signal
and forms a zero point of the directivity of the beam in an
arrival direction of an interference signal on the basis of the
signals which are inputted from the first and second termi-
nals of the first 90-degree hybrid and the fifth and sixth
terminals of the second 90-degree hybrid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a diagram showing the structure of an
antenna device in accordance with a first embodiment of the
present invention;

[0018] FIG. 2 is a diagram showing the radiation pattern
of the antenna device in accordance with the first embodi-
ment of the present invention;
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[0019] FIG. 3 is a diagram showing the structure of an
antenna device in accordance with a second embodiment of
the present invention;

[0020] FIG. 4 is a diagram showing the radiation pattern
of the antenna device in accordance with the second embodi-
ment of the present invention;

[0021] FIG. 5 is a diagram showing the structure of an
antenna device in accordance with a third embodiment of the
present invention;

[0022] FIG. 6 is a diagram showing the radiation pattern
of the antenna device in accordance with the third embodi-
ment of the present invention;

[0023] FIG. 7 is a diagram showing the structure of an
antenna device in accordance with a fourth embodiment of
the present invention;

[0024] FIG. 8 is a diagram showing the radiation pattern
of the antenna device in accordance with the fourth embodi-
ment of the present invention; and

[0025] FIG. 9 is a diagram showing the structure of a
conventional antenna device.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0026] Hereinafter, the respective embodiments of the
present invention will be described with reference to the
accompanying drawings.

FIRST EMBODIMENT

[0027] An antenna device in accordance with a first
embodiment of the present invention will be described with
reference to the accompanying drawings. For simplification,
the embodiment will be described by a unit of four elements.
FIG. 1 is a diagram showing the structure of an antenna
device in accordance with the first embodiment of the
present invention. In the respective drawings, the same
references designate identical or like parts.

[0028] Referring to FIG. 1, #1, #2, #3 and #4 denote
antenna elements, respectively, and it is assumed that #1 and
#4, and #2 and #3 are positioned on both ends of the
diameter of a circle. In this case, the diameter of the circle
is set so as to have the length that is uneven times of a half
wavelength.

[0029] Also, in the figure, A, B, C and D are 90-degree
hybrids. It is assumed that the terminals of the respective
90-degree hybrid are Al, A2, A3 and A4, B1, B2, B3 and B4,
C1, C2, C3 and C4, and D1, D2, D3 and D4, respectively.

[0030] When it is assumed that Al and A2, B1 and B2, C1
and C2, and D1 and D2 are input terminals, A3 and A4, B3
and B4, C3 and C4, and D3 and D4 are output terminals, it
is assumed that the passing phases of from the input terminal
Al to the output terminal A4, from the input terminal A2 to
the output terminal A3, from the input terminal Bl to the
output terminal B4, from the input terminal B2 to the output
terminal B3, from the input terminal C1 to the output
terminal C4, from the input terminal C2 to the output
terminal C3, from the input terminal D1 to the output
terminal D4, and from the input terminal D2 to the output
terminal D3 are 0° (degree), and the passing phases of from
the input terminal Al to the output terminal A3, from the
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input terminal A2 to the output terminal A4, from the input
terminal B1 to the output terminal B3, from the input
terminal B2 to the output terminal B4, from the input
terminal C1 to the output terminal C3, from the input
terminal C2 to the output terminal C4, from the input
terminal D1 to the output terminal D3, and from the input
terminal D2 to the output terminal D4 are 90° (degrees).

[0031] In this situation, the output terminal A3 and the
input terminal C1, the output terminal A4 and the input
terminal D1, the output terminal B3 and the input terminal
C2, and the output terminal B4 and the input terminal D2 are
connected to each other, respectively, and the output termi-
nals C3, C4, D3 and D4 are connected to the antenna
elements #1, #2, #3 and #4, respectively to feed the elec-
tricity.

[0032] Then, the operation of the antenna device in accor-
dance with the first embodiment will be described with
reference to the accompanying drawings. FIG. 2 is a dia-
gram showing the radiation pattern of the antenna device in
accordance with the first embodiment.

[0033] When the feed terminal (input terminal) Al is
excited, the phase of 180° is excited to the antenna element
#1, the phase of 90° is excited to the antenna element #2, the
phase of 90° is excited to the antenna element #3, and the
phase of 0° is excited to the antenna element #4. In this
situation, as shown in FIG. 2, a radiation pattern having a
main beam is formed in the direction of the antenna element
#1.

[0034] When the feed terminal (input terminal) A2 is
excited, the phase of 90° is excited to the antenna element
#1, the phase of 0° is excited to the antenna element #2, the
phase of 180° is excited to the antenna element #3, and the
phase of 90° is excited to the antenna element #4. In this
situation, as shown in FIG. 2, a radiation pattern having a
main beam is formed in the direction of the antenna element
#3.

[0035] When the feed terminal (input terminal) Bl is
excited, the phase of 90° is excited to the antenna element
#1, the phase of 180° is excited to the antenna element #2,
the phase of 0° is excited to the antenna element #3, and the
phase of 90° is excited to the antenna element #4. In this
situation, as shown in FIG. 2, a radiation pattern having a
main beam is formed in the direction of the antenna element
#2.

[0036] When the feed terminal (input terminal) B2 is
excited, the phase of 0° is excited to the antenna element #1,
the phase of 90° is excited to the antenna element #2, the
phase of 90° is excited to the antenna element #3, and the
phase of 180° is excited to the antenna element #4. In this
situation, as shown in FIG. 2, a radiation pattern having a
main beam is formed in the direction of the antenna element
#4.

[0037] As described above, in the antenna device in accor-
dance with the first embodiment, in the feed circuit which is
made up of only four 90-degree hybrids, it is possible to
change over the four main beams, and the complication of
the hardware and the loss of the feed circuit are remarkably
improved. The above description is given of a case of the
four elements, but in the case where 4N array antennas in
which N pairs having those four elements as a unit are
arranged circumferentially are excited, 4N beams are
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formed on the basis of the same principle if the arrangement
in accordance with the first embodiment is connected in
multiple stages.

[0038] That is, the antenna device in accordance with the
first embodiment includes four antenna elements #1 to #4
which are arranged circumferentially at regular intervals,
and four 90-degree hybrids A, B, C and D having four
terminals, in which two 90-degree hybrids which are
arranged in parallel are connected in two stages, and the
output terminals A4 and B3 of the upstream 90-degree
hybrids A and B and the input terminals D1 and C2 of the
downstream 90-degree hybrids D and C cross each other and
are connected to each other; the four output terminals C3,
C4, D3 and D4 of the two downstream 90-degree hybrids C
and D and the four antenna elements are connected to each
other, and the passing phase between the crossing terminals
within the respective 90-degree hybrids is set to 0 degree,
and the passing phase between the parallel terminals within
the respective 90-degree hybrids is set to 90 degrees. As a
result, the structure of the feed circuit can be simplified, and
plural kinds of beams can be formed.

SECOND EMBODIMENT

[0039] An antenna device in accordance with a second
embodiment of the present invention will be described with
reference to the accompanying drawings. For simplification,
the second embodiment will be described by a unit of four
elements. FIG. 3 is a diagram showing the structure of an
antenna device in accordance with a second embodiment of
the present invention.

[0040] Referring to FIG. 3, #1, #2, #3 and #4 denote
antenna elements, respectively, and it is assumed that #1 and
#4, and #2 and #3 are positioned on both ends of the
diameter of a circle. In this case, the diameter of the circle
is set so as to have the length that is uneven times of one
wavelength.

[0041] Also, in the figure, Dm is a reflection free termi-
nation. Also, Ah, Ch and Dh are 180-degree hybrids. It is
assumed that the terminals of the respective 180-degree
hybrid are Al, A2, A3 and A4, C1, C2, C3 and C4, and D1,
D2, D3 and D4, respectively.

[0042] When itis assumed that Al and A2, C1 and C2, and
D1 and D2 are input terminals, A3 and A4, C3 and C4, and
D3 and D4 are output terminals, it is assumed that the
passing phases of from the input terminal Al to the output
terminal A4, from the input terminal A2 to the output
terminal A3, from the input terminal C1 to the output
terminal C4, from the input terminal C2 to the output
terminal C3, from the input terminal D1 to the output
terminal D4, and from the input terminal D2 to the output
terminal D3 are 0° (degree), and the passing phases of from
the input terminal Al to the output terminal A3, from the
input terminal A2 to the output terminal A4, from the input
terminal C1 to the output terminal C3, from the input
terminal C2 to the output terminal C4, from the input
terminal D1 to the output terminal D3, and from the input
terminal D2 to the output terminal D4 are 80° (degrees). In
this case, the output terminal A3 and the input terminal C1,
the output terminal A4 and the input terminal D1 are
connected to each other, respectively, and a reflection free
termination Dm is connected to the input terminals C2 and
D2.
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[0043] Then, the operation of the antenna device in accor-
dance with the second embodiment will be described with
reference to the accompanying drawings. FIG. 4 is a dia-
gram showing the radiation pattern of the antenna device in
accordance with second embodiment.

[0044] When the feed terminal (input terminal) Al is
excited, the phase of 360° is excited to the antenna element
#1, the phase of 180° is excited to the antenna element #2,
the phase of 180° is excited to the antenna element #3, and
the phase of 0° is excited to the antenna element #4. In this
situation, as shown in FIG. 4, a radiation pattern having a
main beam is formed in the direction of the antenna elements
#1 and #4.

[0045] When the feed terminal (input terminal) A2 is
excited, the phase of 180° is excited to the antenna element
#1, the phase of 0° is excited to the antenna element #2, the
phase of 360° is excited to the antenna element #3, and the
phase of 180° is excited to the antenna element #4. In this
situation, as shown in FIG. 4, a radiation pattern having a
main beam is formed in the direction of the antenna elements
#2 and #3.

[0046] The above description is given of a case of the four
elements, but in the case where 4N array antennas in which
N pairs having those four elements as a unit are arranged
circumferentially are excited, 2N beams are formed on the
basis of the same principle if the arrangement in accordance
with the second embodiment is connected in multiple stages.

[0047] As described above, in the antenna device in accor-
dance with the second embodiment, in the feed circuit which
is made up of only three 180-degree hybrids, it is possible
to change over the two main beams, and the complication of
the hardware and the loss of the feed circuit are remarkably
improved.

THIRD EMBODIMENT

[0048] An antenna device in accordance with a third
embodiment of the present invention will be described with
reference to the accompanying drawings. For simplification,
the third embodiment will be described by a unit of four
elements. FIG. 5 is a diagram showing the structure of an
antenna device in accordance with the third embodiment of
the present invention. FIG. 5 shows the structure of a
receive system, and the D/A converter (digital/analog con-
verter) of a transmit system and so on are omitted from the
figure.

[0049] Referring to FIG. 5, reference symbol Ad denotes
an A/D converter (analog/digital converter), and reference
symbol S1 is a signal processing unit. In this example, the
A/D converter is connected to each of the input terminals
Al, A2, B1 and B2 of the 90-degree hybrids A and B, in
which the receive signal (analog signal) of the beam is
converted into a base band signal (digital signal).

[0050] As the operation of the signal processing device
S1, a complex excited amplitude that is in proportion to the
amplitude of a signal which is received at the respective
terminals, and whose phase is the inversion of a sign of the
phase of the signal of the respective terminals is multiplexed
and composed. As a result, for example, as shown in FIG.
6, even in the case where a signal arrives between the
respective beams shown in the above-described first
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embodiment, the directivity therebetween is enhanced, and
the maximum ratio gain composition can be realized.

[0051] In other words, the antenna device in accordance
with the third embodiment is that in the antenna device in
accordance with the first embodiment, an A/D converter is
disposed at each of the input terminals Al, A2, B1 and B2
in the case of receiving, respectively, and a D/A converter is
disposed at each of the input terminals Al, A2, B1 and B2
in the case of transmission, respectively; the beam is mul-
tiplied by the complex excited amplitude whose amplitude is
in proportion to the amplitude of the signal which is received
at the respective terminals, and whose phase is the inversion
of the sign of the phase of the signal at the respective
terminals and composed.

FOURTH EMBODIMENT

[0052] An antenna device in accordance with a fourth
embodiment of the present invention will be described with
reference to the accompanying drawings. For simplification,
the fourth embodiment will be described by a unit of four
elements. FIG. 7 is a diagram showing the structure of an
antenna device in accordance with the fourth embodiment of
the present invention. FIG. 7 shows the structure of a
receive system, and the D/A converter (digital/analog con-
verter) of a transmit system and so on are omitted from the
figure.

[0053] Referring to FIG. 7, reference symbol Ad denotes
an A/D converter (analog/digital converter), and reference
symbol S2 is a signal processing unit. In this example, the
A/D converter is connected to each of the input terminals
Al, A2, B1 and B2 of the 90-degree hybrids A and B, in
which the receive signal (analog signal) of the beam is
converted into a base band signal (digital signal)

[0054] As the operation of the signal processing unit S2,
a main beam is directed in an arrival direction of a desired
signal, and a zero point of the directivity is formed in the
arrival direction of an interference signal. Through this
processing, as shown in FIG. 8, even under the electric wave
environment where the interference signal arrives, it is
possible to remove the influence thereof to conduct high-
quality communication.

[0055] That is, the antenna device in accordance with the
fourth embodiment is that in the antenna device in accor-
dance with the first embodiment, an A/D converter is dis-
posed at each of the input terminals Al, A2, B1 and B2 in
the case of receiving, respectively, and a D/A converter is
disposed at each of the input terminals Al, A2, B1 and B2
in the case of transmission, respectively; the beam is sub-
jected to the base band signal processing by the signal
processing unit S2 so that the main beam is directed in the
arrival direction of the desired signal, and the zero point of
the directivity is formed in the arrival direction of the
interference signal.

INDUSTRIAL APPLICAPABILITY

[0056] The antenna device in accordance with claim 1 of
the present invention, as described above, includes the first,
second, third and fourth antenna elements which are
arranged circumferentially at regular intervals, the first
90-degree hybrid having the first, second, third and fourth
terminals, the second 90-degree hybrid having the fifth,
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sixth, seventh and eighth terminals, the third 90-degree
hybrid having the ninth, tenth, eleventh and twelfth termi-
nals, and the fourth 90-degree hybrid having the thirteenth,
fourteenth, fifteenth and sixteenth terminals. In the antenna
device, the third terminal of the first 90-degree hybrid and
the ninth terminal of the third 90-degree hybrid are con-
nected to each other, and the fourth terminal of the first
90-degree hybrid and the thirteenth terminal of the fourth
90-degree hybrid are connected to each other. Also, in the
antenna device, the seventh terminal of the second 90-degree
hybrid and the tenth terminal of the third 90-degree hybrid
are connected to each other, and the eighth terminal of the
second 90-degree hybrid and the fourteenth terminal of the
fourth 90-degree hybrid are connected to each other. Further,
the eleventh terminal of the third 90-degree hybrid and the
first antenna element are connected to each other, and the
twelfth terminal of the third 90-degree hybrid and the second
antenna element are connected to each other. The fifteenth
terminal of the fourth 90-degree hybrid and the third antenna
element are connected to each other, and the sixteenth
terminal of the fourth 90-degree hybrid and the fourth
antenna element are connected to each other. Also, the
passing phases of from the first terminal of the first 90-de-
gree hybrid to the fourth terminal, from the second terminal
to the third terminal, from the fifth terminal of the second
90-degree hybrid to the eighth terminal, from the sixth
terminal to the seventh terminal, from the ninth terminal of
the third 90-degree hybrid to the twelfth terminal, from the
tenth terminal to the eleventh terminal, from the thirteenth
terminal of the fourth 90-degree hybrid to the sixteenth
terminal, and from the fourteen terminal to the fifteenth
terminal are set to 0 degree. Similarly, the passing phases of
from the first terminal of the first 90-degree hybrid to the
third terminal, from the second terminal to the fourth ter-
minal, from the fifth terminal of the second 90-degree hybrid
to the seventh terminal, from the sixth terminal to the eighth
terminal, from the ninth terminal of the third 90-degree
hybrid to the eleventh terminal, from the tenth terminal to
the twelfth terminal, from the thirteenth terminal of the
fourth 90-degree hybrid to the fifteenth terminal, and from
the fourteen terminal to the sixteenth terminal are set to 90
degrees. With the above-mentioned structure, there are
obtained such advantages that the structure of the feed
circuit can be simplified, and plural kinds of beams can be
formed.

[0057] As described above, according to claim 2 of the
present invention, there is provided an antenna device
including: first, second, third and fourth antenna elements
which are arranged circumferentially at regular intervals; a
first 180-degree hybrid having the first, second, third and
fourth terminals; a second 180-degree hybrid having the
fifth, sixth, seventh and eighth terminals; and a third 180-
degree hybrid having the ninth, tenth, eleventh and twelfth
terminals, in which the third terminal of the first 180-degree
hybrid and the fifth terminal of the second 180-degree
hybrid are connected to each other, the fourth terminal of the
first 180-degree hybrid and the ninth terminal of the third
180-degree hybrid are connected to each other, the seventh
terminal of the second 180-degree hybrid and the first
antenna element are connected to each other, the eighth
terminal of the second 180-degree hybrid and the second
antenna element are connected to each other, the eleventh
terminal of the third 180-degree hybrid and the third antenna
element are connected to each other, and the twelfth terminal
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of the third 180-degree hybrid and the fourth antenna
element are connected to each other, in which the passing
phases of from the first terminal of the first 180-degree
hybrid to the fourth terminal, from the second terminal to the
third terminal, from the fifth terminal of the second 180-
degree hybrid to the eighth terminal, from the sixth terminal
to the seventh terminal, from the ninth terminal of the third
180-degree hybrid to the twelfth terminal, and from the tenth
terminal to the eleventh terminal are set to 0 degree, and in
which the passing phases of from the first terminal of the
first 180-degree hybrid to the third terminal, from the second
terminal to the fourth terminal, from the fifth terminal of the
second 180-degree hybrid to the seventh terminal, from the
sixth terminal to the eighth terminal, from the ninth terminal
of the third 180-degree hybrid to the eleventh terminal, and
from the tenth terminal to the twelfth terminal are set to 180
degrees. With the above-mentioned structure, there are
obtained such advantages that the structure of the feed
circuit can be simplified, and plural kinds of beams can be
formed.

[0058] As described above, according to claim 3 of the
present invention, there is provided an antenna device fur-
ther including in the antenna device as claimed in claim 1,
a signal processing unit that composes the beams by mul-
tiplying a complex excitation amplitude whose amplitude is
in proportion to the amplitudes of the signals which are
received at the first and second terminals of the first 90-de-
gree hybrid and the fifth and sixth terminals of the second
90-degree hybrid, and whose phase is the inversion of the
signs of the phases of the signals of the fifth and sixth
terminals of the second 90-degree hybrid. With this struc-
ture, there can be obtained such advantages that even in the
case where a signal arrives between the respective beams,
the directivity therebetween is enhanced, and the maximum
ratio gain composition can be realized.

[0059] As described above, according to claim 4 of the
present invention, there is provided an antenna device fur-
ther including in the antenna device as claimed in claim 1,
a signal processing unit that directs a main beam in an arrival
direction of a desired signal and forms a zero point of the
directivity of the beam in an arrival direction of an inter-
ference signal on the basis of the signals which are inputted
from the first and second terminals of the first 90-degree
hybrid and the fifth and sixth terminals of the second
90-degree hybrid. With this structure, there can be obtained
such advantages that even under the electric wave environ-
ment where the interference signal arrives, it is possible to
remove the influence thereof and the high-quality commu-
nication can be conducted.

1. An antenna device comprising:

first, second, third and fourth antenna elements which are
arranged circumferentially at regular intervals;

a first 90-degree hybrid having first, second, third and
fourth terminals;

a second 90-degree hybrid having fifth, sixth, seventh and
eighth terminals;

a third 90-degree hybrid having ninth, tenth, eleventh and
twelfth terminals, and

a fourth 90-degree hybrid having thirteenth, fourteenth,
fifteenth and sixteenth terminals,
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wherein the third terminal of the first 90-degree hybrid
and the ninth terminal of the third 90-degree hybrid are
connected to each other,

wherein the fourth terminal of the first 90-degree hybrid
and the thirteenth terminal of the fourth 90-degree
hybrid are connected to each other,

wherein the seventh terminal of the second 90-degree
hybrid and the tenth terminal of the third 90-degree
hybrid are connected to each other,

wherein the eighth terminal of the second 90-degree
hybrid and the fourteenth terminal of the fourth 90-de-
gree hybrid are connected to each other;

wherein the eleventh terminal of the third 90-degree
hybrid and the first antenna element are connected to
each other,

wherein the twelfth terminal of the third 90-degree hybrid
and the second antenna element are connected to each
other,

wherein the fifteenth terminal of the fourth 90-degree
hybrid and the third antenna element are connected to
each other,

wherein the sixteenth terminal of the fourth 90-degree
hybrid and the fourth antenna element are connected to
each other,

wherein the passing phases of from the first terminal of
the first 90-degree hybrid to the fourth terminal, from
the second terminal to the third terminal, from the fifth
terminal of the second 90-degree hybrid to the eighth
terminal, from the sixth terminal to the seventh termi-
nal, from the ninth terminal of the third 90-degree
hybrid to the twelfth terminal, from the tenth terminal
to the eleventh terminal, from the thirteenth terminal of
the fourth 90-degree hybrid to the sixteenth terminal,
and from the fourteenth terminal to the fifteenth termi-
nal are set to O degree, and

wherein the passing phases of from the first terminal of
the first 90-degree hybrid to the third terminal, from the
second terminal to the fourth terminal, from the fifth
terminal of the second 90-degree hybrid to the seventh
terminal, from the sixth terminal to the eighth terminal,
from the ninth terminal of the third 90-degree hybrid to
the eleventh terminal, from the tenth terminal to the
twelfth terminal, from the thirteenth terminal of the
fourth 90-degree hybrid to the fifteenth terminal, and
from the fourteenth terminal to the sixteenth terminal
are set to 180 degrees.

2. An antenna device comprising:

first, second, third and fourth antenna elements which are
arranged circumferentially at regular intervals;

a first 180-degree hybrid having first, second, third and
fourth terminals;

a second 180-degree hybrid having fifth, sixth, seventh
and eighth terminals; and

a third 180-degree hybrid having ninth, tenth, eleventh
and twelfth terminals,
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wherein the third terminal of the first 180-degree hybrid
and the fifth terminal of the second 180-degree hybrid
are connected to each other,

wherein the fourth terminal of the first 180-degree hybrid
and the ninth terminal of the third 180-degree hybrid
are connected to each other,

wherein the seventh terminal of the second 180-degree
hybrid and the first antenna element are connected to
each other,

wherein the eighth terminal of the second 180-degree
hybrid and the second antenna element are connected to
each other,

wherein the eleventh terminal of the third 180-degree
hybrid and the third antenna element are connected to
each other,

wherein the twelfth terminal of the third 180-degree
hybrid and the fourth antenna element are connected to
each other,

wherein the passing phases of from the first terminal of
the first 180-degree hybrid to the fourth terminal, from
the second terminal to the third terminal, from the fifth
terminal of the second 180-degree hybrid to the eighth
terminal, from the sixth terminal to the seventh termi-
nal, from the ninth terminal of the third 180-degree
hybrid to the twelfth terminal, and from the tenth
terminal to the eleventh terminal are set to 0 degree,
and

wherein the passing phases of from the first terminal of
the first 180-degree hybrid to the third terminal, from
the second terminal to the fourth terminal, from the fifth
terminal of the second 180-degree hybrid to the seventh
terminal, from the sixth terminal to the eighth terminal,
from the ninth terminal of the third 180-degree hybrid
to the eleventh terminal, and from the tenth terminal to
the twelfth terminal are set to 180 degrees.

3. The antenna device as claimed in claim 1, further
comprising a signal processing unit that composes beams by
multiplying a complex excitation amplitude whose ampli-
tude is in proportion to the amplitudes of the signals which
are received at the first and second terminals of the first
90-degree hybrid and the fifth and sixth terminals of the
second 90-degree hybrid, and whose phase is the inversion
of the signs of the phases of the signals of the first and
second terminals of the first 90-degree hybrid and the fifth
and sixth terminals of the second 90-degree hybrid.

4. The antenna device as claimed in claim 1, further
comprising a signal processing unit that directs a main beam
in an arrival direction of a desired signal and forms a zero
point of the directivity of the beam in an arrival direction of
an interference signal on the basis of the signals which are
inputted from the first and second terminals of the first
90-degree hybrid and the fifth and sixth terminals of the
second 90-degree hybrid.



